Polymorphism is an important characteristic of pharmaceutical products because different polymorphs exhibit different physicochemical stabilities, dissolution rates, etc., which makes them different in therapeutic efficiency. Thus, it is important to control the polymorphic structure of pharmaceutical products. A spectroscopy method based on Fourier transform near infrared (FT-NIR) spectroscopy and chemometric techniques is introduced to classify paracetamol preparations according to polymorphic changes. X-ray diffraction (XRD) and FT-NIR studies were carried out on standard samples, paracetamol preparations (acetaminophen tablet), and also the additives. A direct comparison was performed between the spectroscopic data and those obtained by XRD. The NIR and XRD analyses of paracetamol preparations show some distinct differences, particularly in the Iranian tablet. These differences are found to be related to polymorphism and paracetamol purity. The cluster analysis (CA) and principal component analysis (PCA) were utilized to classify the paracetamol preparations. FT-NIR spectroscopy provides a simple, rapid and accurate qualitative analysis method for the identification of paracetamol polymorphs.
INTRODUCTION
As known, polymorphism is the ability of a solid material to exist in more than one form or crystal structure. It can also be a result of the existence of different conformers of the same molecule. Polymorphism is relevant to the development of pharmaceutical preparations. Many drugs get regulatory approval for only a single polymorph [1] . In the pharmaceutical industry, polymorphism and related phenomena are significant because they determine different properties (e.g. solubility, dissolution rate, chemical reactivity, melting point, resistance to degradation, bioavailability) of various forms of a substance, the properties that dictate the therapeutic efficiency. Therefore it is vital to control the polymorphs administered to patients and the conditions of the pharmaceutical product preparation. In order to control the quality of pharmaceutical products, the techniques that examine the crystal structure are required [2] [3] [4] [5] [6] .
Polymorphic forms of a chemical can be discriminated by several techniques such as X-ray powder diffraction [7] , differential scanning calorimetry (DSC) [8] , thermal gravimetric analysis (TGA), microcalorimetry [9] , vibrational spectroscopy, and dissolution kinetics [10] [11] [12] [13] [14] [15] [16] .
Some of the foresaid techniques involve time consuming sample preparation or measurements, while some are not sufficiently accurate. Nowadays near infrared spectroscopy (NIR) has become a useful technique for pharmaceutical analysis [17] . NIR spectroscopy is non-destructive and easy to perform, with a simple sample preparation procedure. In the pharmaceutical industry, NIR spectroscopy has been used to determine various pharmaceutical characteristics. NIR spectra consist of overtones and combinations of fundamental vibrational bands in the mid-infrared region. Polymorphs have different IR spectra, and hence also different NIR spectra, because their molecular vibrational patterns are affected by differences in a specific crystal lattice.
A number of chemometric techniques have been employed in NIR quantitative and qualitative analysis since these approaches have been proved to be successful in extracting the desired information from unprocessed NIR spectra. Calibration methods such as multiple linear regressions (MLR), principal component analysis/principal component regression (PCA/PCR), partial least square regression (PLS) and pattern recognition methods are commonly used. NIR has been found to be a useful tool to ascertain whether a granulation process led to any changes in the crystal structure of the active material or not. PCA, SIMPLISMA, and orthogonal projection have been used to correct for temperature variation during the monitoring of polymorph conversion [6] .
Paracetamol (4-acetamido phenol, Fig. 1 ) is an analgesic drug that is used worldwide in the production of tablets and other preparations. Paracetamol I is monoclinic, and paracetamol II is orthorhombic. Polymorph II can transform into polymorph I as the latter is more stable. In the crystalline state, the paracetamol molecules are linked by NH…O and OH…O hydrogen bonds into chains. The chains are further linked into two-dimensional networks, which in turn give 3-D layered structures with the van der Waals interactions between the layers. The chains are topologically the same in paracetamol I and paracetamol II, but the way how the chains are linked into the layers is different.
In this study, the CA and PCA techniques have been applied to classify paracetamol polymorphs in acetaminophen tablets, which are different in FT-NIR spectra depending on their crystalline form. The NIR spectroscopic data were consistent with those obtained by the congenital powder XRD method for the identification of the crystalline form.
